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Abstract

The EDDA experiment is designed to provide a high precision measurement of proton-
proton elastic scattering excitation functions ranging from 0.5 to 2.5 GeV of (lab) incident
kinetic energy. It is an internal target experiment utilizing the proton beam of the cooler
synchrotron COSY operated by KFA Jiilich. The excitation functions are measured during
the acceleration ramp of COSY.

1 Introduction

The experiment EDDA[2,3,4] is designed to make a significant contribution to the global proton-
proton phase shift analysis, particularly in the energy domain above 1.2 GeV, where existing
data is sparse[5]. It will also test the energy range in which extrapolations of meson exchange
models [6, 7, 8, 9, 10] are possible. Furthermore, EDDA is highly sensitive to the existence -
or nonexistence - of dibaryonic resonances with any appreciable coupling to the elastic channel
[11, 12]. Hence the acronym: Elastic Dibaryons Dead or Alive.

Both for phase shift analysis as such, and its use in identifying dibaryonic resonances, it
is mandatory to measure not only spin-averaged cross sections, but also spin observables such
as analyzing powers, spin correlation parameters etc. as a function of energy. This requires
a polarized COSY beam as well as a polarized EDDA target. A polarized ion source[13] has
been built and fitted to the COSY injector cyclotron, and the development of the polarized
COSY beam may commence. The polarized EDDA target is a polarized atomic beam device
now under construction. With reasonably achievable atomic beam densities in mind, EDDA
was concieved as an experiment using the internal recirculating COSY beam to obtain sufficient
luminosities. Concerning this method we refer to the pioneering work of M. Garcon et al.[14].
In the first phase of the experiment spin-averaged cross sections are measured with a 4x5 fzm
thin CH2 fiber target. Data collection proceeds during synchrotron acceleration in a multi-pass
technique, so that a full excitation function is measured in each acceleration cycle. Statistical
accuracy is obtained by averaging over many cycles. Elastic pp events are identified by kinematic
coincidence. The luminosity is monitored as a function of the COSY beam energy by means
of the electrons knocked out of the target. An integral measurement of the secundary electron
current is performed as well as detection of high energy ^-electrons using PIN-diodes at 40°.

2 Detector Concept

The main components of the EDDA-detector [2,3,4] are shown schematically in Fig.l. It consists
of a segmented, double layered scintillator structure of cylindrical symmetry, centered around the
internal COSY beam. It covers 30° to 150° cm angle for the elastic pp scattering corresponding
to some 85 % of the full solid angle. The inner layers H are composed of scintillating fibers
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which are helically wound in opposing directions. The outer layers consist of scintillator bars
B parallel to the beam axis and scintillator semirings R perpendicular to the beam axis. The
semirings closest to the target are constructed from scintillating fibers F. The scintillator cross
sections are designed so that each particle traversing the outer layer produces a signal in two
neighbouring bars and rings. Analysis of the fractional light output may then be used to obtain
an angle resolution far better (by a factor of five) than given by the granularity of the detector
elements. The obtained angle resolution is better than 1° (polar angle) and 2° (azimuthal angle).
Combined with the spatial resolution of the 2.5 mm diameter scintillating fibers, this provides
for vertex reconstruction to a precision of some very few millimeters. Vertex reconstruction is
essential, when a polarized atomic beam target is used.

Beampip

Target

Figure 1: Scheme of the EDDA detector. H: helix of scintillating fibers, B: scintillator bars, R:
scintillator semirings, F: scintillating fiber semirings. In the first phase the target is a 4x5 pm
thin CH2(A1) fiber mounted horizontally in a 30 mm wide target holder. In the second phase
the target is a polarized atomic beam

Unpolarized data have been taken with the outer detector layers alone. A fast trigger is
generated by requiring coplanarity of the two outgoing particles with the beam and elasticity,
i.e. kinematic correlation of the polar angles #i and #2

tan 6\ tan #2 = 1/7,cm' (1)

Here, 7 ^ is the Lorentz-7 of the center-of-mass motion in the laboratory. The background of
inelastic reactions and the background of quasielastic reactions from the Carbon and Aluminum
content of the CH2(A1) fiber target, on the other hand, result in a wide structureless distribution
that can be measured separately using a C(A1) fiber target and subtracted out.

For the relative normalization we use two different luminosity monitors . First of all the se-
cundary electron current released from the fiber target is measured using a fast picoamperemeter.
To this end a very thin Aluminum film (20 /jg/cm2) is evaporated onto the fiber targets in order
to make them electrically conducting. The energy dependence of this monitor signal is like the
energy dependence of the Bethe-Bloch stopping power. The second method is the detection of
delta-electrons. The cross section is well known, it is the Rosenbluth cross section for the elastic
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electron-proton scattering
p -f e —>• e + p. (2)

Four silicon detectors in the form of PIN diodes are located at 40° in a left-right and up-down
symmetrical arrangement. The detectors are embedded into the 2 mm thick Aluminum wall of
the beam pipe.

3 Experiments

In 1994, first measurements were carried out covering the energy range 0.5 to 2.5 GeV. Two
million elastic pp events were recorded during a two day run. The result of a preliminary analysis
is shown in Fig. 2. The EDDA data are black dots (filled symbols). The open symbols are data
from the literature taken from Arndt's program SAID[15]. The absolute normalization of the
complete angle and energy distribution has been taken from the data[16] at 793 MeV.
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Figure 2: Differential pp elastic scattering cross section in the center of mass as a function of
cos#cm. The results of the EDDA experiment (filled symbols) are compared with published
results taken from the compilation of Arndt's program SAID.
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In 1995, EDDA had two production runs and recorded some 35 million elastic pp events
covering the (lab) kinetic energy range 0.5 to 2.5 GeV. This constitutes the bulk of unpolarized
data to be taken. Detailed data analysis is now under way.

4 Data Analysis

The data analysis focusses on identifying the nature of events with more than two hits in the
detector, and on determining beam position, beam width and beam direction during synchrotron
acceleration in order to apply proper angle corrections. For the latter purpose, the pp elastic
events recorded were grouped into several bins in polar and azimutha! angle and their spatial
distributions determined. These can be converted into beam position, beam width and beam
direction as a function of beam energy (i. e. time within acceleration cycle). As a result,
the COSY beam moved no more than about 3 mm and 3 rnrad in the horizontal plane during
acceleration. This attests to a remarkable stability of the beam, which forms the basis for taking
data during the acceleration ramp. The lattice parameters are such that there is zero position
dispersion and a double waist at the target with f3x = 2.2 m, j3y = 4.4 m.

The horizontal width AxpwHM of the (uncooled) beam starts out at ca. 2 mm, increases
to about 3 mm upon insertion of the fiber target and remains constant (or decreases slightly)
thereafter. This shows that adiabatic damping roughly compensates (even overcompensates)
small angle scattering off the target, resulting in a much smaller loss of luminosity than would
otherwise be expected[17, 18]. The horizontal beam divergence Ax'FWHM — A%FWHM/PX

varies between 0.9 and 1.4 mrad . These results are solely based on detector response, exploiting
nothing but the coplanarity of two-body events with the beam.

The vertical position and width of the interaction zone is determined by the horizontally
strung 4x5 /am thin CH2 fiber target and should remain constant. The vertical beam divergence
which can be deduced from beam profile measurements is less than 1 mrad.

5 Conclusion

EDDA has taken the bulk of the unpolarized data required. In 1996, the center of effort will be
in preparing to measure spin observables. In this context, the EDDA collaboration wishes to
acknowledge the extraordinary support it has been receiving from the COSY team. M. Garcon
is greatfully acknowledged for helpful discussions.
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